Purpose. Bilateral postmastectomy irradiation (BPMI) poses a challenge to radiotherapists. The difficulty lies whenever targets are large, irregular and lying at different depths. When breathing movements occur it is very hard to obtain homogenous dosing on such targets and also to not exceed those doses acceptable for at-risk organs, particularly the lungs and heart. The presented study is an example of using a single isocenter Volumetric Modulated Arc Therapy (VMAT) technique for a BPMI case. Materials and methods. We report the case of a 66-year-old woman with simultaneous malignant sarcoma of the right breast and an invasive ductal carcinoma of the left breast. After modified radical mastectomy of the left breast and simple mastectomy of the right breast, the patient underwent adjuvant irradiation of the bilateral chest wall and left axillary and supraclavicular nodes region. Planning Target Volumes (PTV) and organs at risk (OAR) were delineated on CT scans. A single isocenter VMAT plan was created. The radiotherapy consisted of 50 Gy delivered in 2 Gy per fraction to the left side and 56.5 Gy delivered in 2.25 Gy per fraction to the right side in 25 fractions, five times a week over 5 weeks. Results. The left and right CTV (Clinical Target Volume) received 90% of the prescribed dose in 100% of the CTV volume. The mean heart dose was 14.4 Gy and V25 for the heart was 8.9%. The mean lung dose was 16.6 Gy and the V20 for both lungs was 28.3%. The dose to the anterior wall area of the heart was exceeded according to established constraints, but was accepted. One session of irradiation lasted about four minutes during which the patient received 595 monitor units. The treatment was carried out without interruption and complications. The early and late skin reaction was assessed as being second grade. After one year of follow-up, the patient did not present any serious side effects or recurrence. Conclusions. Synchronous irradiation of both sides of the chest wall after bilateral mastectomy with a single isocenter VMAT technique is possible and well tolerated. NOWOTWORY J Oncol 2017; 67, 1: 48-53 
Introduction
The clinical need for performing bilateral postmastectomy chest wall irradiation occurs rarely because of the low incidence rate of synchronous bilateral breast cancer (BBC), at about 2% [1, 2] . Breast sarcoma (BS) is an even much rarer malignancy [3] , thus the presented case of both these cancers appearing together is rather an extreme coincidence. Such situations require nonconventional management using modern techniques of adjuvant radiotherapy. This study presents the use of one such technique; a single isocentre Volumetric Modulated Arc Therapy (VMAT) for bilateral synchronous postmastectomy irradiation.
Case report Patient's history and diagnoses
In November 2014, a 66-year old woman with type 2 diabetes and arterial hypertension was admitted to emergency care, suffering severe anaemia due to blood loss from a huge ulcerous right breast tumour. The patient had previously noticed a lump in her right breast about 1.5 years ago that had not been subject to diagnoses nor treatment, but this had rapidly grown within the last month. A family history of breast cancer was not reported. Breast palpation presented 15 cm bleeding and an ulcerous mass occupying the entire right breast which was mobile in relation to the pectoralis major muscle. No obvious lumps were found in the right axilla. The same examination revealed a palpable 3.5 cm tumour in the lateral quadrants of the left breast. A palpable and movable 1.5 cm nodule was also found in the left axillary fossa. The computed tomography (CT) of the thorax confirmed a 17.5 × 10.3 cm polycyclic tumour in the right breast and a tumour on the border between the external quadrants of the left breast of 3.0 x 1.2 cm size and a 1.3 cm lymph node in the left axilla (Fig. 1) .
The abdominal ultrasound and brain CT showed no obviously significant aberrations in other organs. Excisional biopsy of the right breast tumour demonstrated a malignant solitary fibrous tumour. Ultrasound-guided percutaneous biopsy of the left breast lesion showed an invasive ductal carcinoma. Based on histopathological diagnosis and clinical stage, the patient was qualified for surgery of both breast lesions at the same time. Modified radical mastectomy of the left breast and simple mastectomy of the right breast was thereby performed. The final pathological examination showed in the left breast: -an invasive ductal carcinoma NST, a histological grade 2 (G2) rating, pT2 (3.0 cm in its greatest dimension) and pN3c (four nodes involved out of twelve excised) -oestrogen receptor-positive, progesterone receptor -negative, HER2 -negative and Ki67 -10%. In the right breast, the diagnosis of a malignant solitary fibrous tumour was confirmed (at its greatest dimension of 21.0 cm). Surgical margins were free of malignancy.
Because of concomitant diseases and established ischemic heart disease, as shown by echocardiography, the patient was not qualified for adjuvant chemotherapy but was given adjuvant radiotherapy and hormone-therapy with Tamoxifen. Due to the high risk of the loco-regional tumours recurring, the patient was synchronously irradiated on both sides of the chest wall and on the left axillary and supraclavicular lymph nodes region. The radiotherapy consisted of 50 Gy delivered in 2 Gy per fraction to the left side and 56.5 Gy delivered in 2.25 Gy per fraction to the right side, five times a week over 5 weeks. The early and late skin reaction was assessed by the RTOG scale [4, 5] .
Imaging and treatment planning
CT imaging was performed on the treated patient in a supine position with both arms above the head. During the CT scans and in subsequent radiation therapy, a 1 cm tissue equivalent bolus was added around the patient chest wall. On the left side, an additional wax bolus was added to obtain a homogenous dose distribution on the irregular shaped chest wall (Fig. 2 ). Using CT cross sections, the Clinical Target Volume (CTV) for both sides were delineated. The right side CTV included only the chest wall, whilst the left side CTV included the chest wall and supraclavicular and axillary lymph nodes. Planning Target Volume (PTV) was established by adding an isotropic margin of 0.6 cm to the CTV (Fig. 3) . The organs at risk (OAR) defined by CT were: both lungs, heart, coronary arteries and spinal cord. Our own protocol for delineating CTV and OAR dose were based on the Danish Breast Cancer Cooperative Group, QUANTEC and ESTRO consensus guidelines [6] [7] [8] [9] [10] [11] . The mean dose to the heart should be below 26 Gy and V25 volume below 10%. In the lungs, the V20 volume should be below 30% and the mean lung dose less than 20 Gy, whilst the maximum dose to spinal cord should be below 50 Gy. Coronary arteries were schematically delineated as an area of the anterior wall of the heart (Fig. 3) [12] . A single isocentric VMAT plan was prepared by a medical physicist using the Eclipse treatment planning system (version 10). The treatment plan was based on two 6 MV photon arcs (clockwise and anti-clockwise). Each arc was divided into upper and lower subfields (Fig. 3) . The Analytical Anisotropic Algorithm dose calculation algorithm was used. A simultaneous optimization for both sides with different doses per fraction was performed. This was performed on the Varian EPID (Electronic Portal Imaging Devices). The differences between calculated and measured dose distributions were evaluated by the gamma parameter [13] .
Treatment delivery with image-guidance
The patient was treated with the TrueBeam linac accelerator. The daily patient setup was verified by planar setup fields and Cone Beam Computed Tomography (CBCT).
Results
For the target volumes CTV and PTV the following dose distribution parameters are presented.
The Left CTV 90% and 95% of the prescribed dose cover 100% and 98.9% of the structure with a standard deviation of dose (STD) values at 2.4%. For left PTV 90% and 95% of the prescribed dose cover 99.3% and 94% volume of the structure, STD 2.8%. For right CTV 90% and 95% of the prescribed dose cover 100% and 98.2% of the structure volume and cover 97.6% and 90.7% of the PTV volume. The STD values are 2.4% for the CTV and 3.4% for the PTV (Figs. 4-6 ). The mean heart dose was 14.4 Gy and theV25 for heart was 8.9%. The mean lungs dose was 16.6 Gy, and theV20 for both lungs was 28.3%. The maximum dose to the spinal cord was 21 Gy. The additional organ at risk "the coronary arteries" was involved in a optimisation process to reduce the dose to the heart. In the coronary arteries structure, the volume of 20 Gy was minimized. In the plan to pass the QA verification, the gamma parameter (3%, 3 mm) value was 96.5% (tolerance 95%). Unfortunately the dose to the heart's anterior wall area was exceeded, according to established constraints, but was accepted ( Fig. 7 ; Tab. I). One session of irradiation lasted about four minutes during which the patient received 595 monitor units. The treatment was carried out without interruptions and complications. The early and late skin reaction was assessed as being second grade (Fig. 8) . After one year of follow-up, the patient did not present any serious side effects or recurrence.
Discussion
Postmastectomy bilateral irradiation (PMBI) constitutes a challenge for the radiotherapist. Due to large and irregular targets lying at different depths, in conjunction with breathing movements, it is very difficult to achieve properly homogenous dosing onto targets and not to exceed acceptable doses for OAR; particularly the lungs and heart. Nowadays, the most frequently used postmastectomy irradiation techniques are Mono Isocentric Conformal Radiotherapy, Intensity Modulated Radiation Therapy (IMRT) or Volumetric Modulated Arc Therapy (VMAT) [14] . Due to the extensive area that requires radiation treatment use of single-isocenter IMRT is not possible due to the limitations of maximum size of the therapeutic field. Nevertheless, the use of IMRT plans based on two isocenters result in a summation of the dose in the sternum region to 75 Gy. That is why, VMAT technique with single-isocenter was used. Besides, using conventional IMRT techniques, the irradiation time is prolonged due to two separate isocentres used. In our case, one session of irradiation lasted only four minutes. VMAT delivers the same radiation doses faster with less monitor units than for conventional IMRT, as well as enabling organs at risk to be often better shielded/ /spared [15] . However, due care and attention are required for IMRT or VMAT techniques, which are only used for specific clinical circumstances because of the larger areas of normal tissues exposed to small doses compared to conformal methods. The presented patient underwent a left radical mastectomy because of cancer, but only a simple mastectomy on the right side due to sarcoma was performed because this type of neoplasm spreads mostly through blood vessels and does not require axillary dissection. For such reasons the left side chest wall and supraclavicular and axillary region were together exposed to irradiation, but only the right side chest wall received such irradiation. These two sides of treatment with a different diagnosis and high risk of recurrence, required fast irradiation treatment because of concomitance diseases and so the patient was not qualified for adjuvant chemotherapy. The modern technique of VMAT irradiation was chosen so as to permit the doses to be differentiated according to the diagnosis and where both sides could be simultaneously treated. On the left and right sides, total doses was respectively given of 50 Gy and 56.25 Gy over 5 weeks (25 fractions). The most serious late complication after such irradiation is cardiotoxicity. According to Darby et al. the risk of serious cardiac events begins within a few years after the heart has been exposed to ionizing irradiation, which increases linearly with the mean dose to the heart by 7.4% per gray, with no apparent threshold and continues on for at least 20 years after the irradiation [16] . For this reason, the different and sophisticated methods of irradiation using the deep inspiration breath holding technique should be used to reduce the dose for the heart and coronary vessels, thus diminishing the risk of cardiotoxicity. This is why, special attention should be given to cardiac function during patient follow up. Unfortunately, outcomes for treating breast sarcoma patients have not improved much over the last fifty years. Disease free survival at 5 years in a major series of 63 breast sarcoma patients treated at the Royal Marsden Hospital in London and the Mater Adult Hospital in Australia between 1996-2006 as well as 113 breast sarcomas patients treated at the Warsaw Center for Oncology Institute between 1947-1997 were similar 42% and 49% respectively [17, 18] . Postsurgical irradiation with modern techniques appears to be helpful in such difficult clinical circumstances as in our case, thereby delivering a better chance for curative treatment.
Conclusion
Synchronous irradiation of both sides of the chest wall after bilateral mastectomy with a single isocenter VMAT technique is possible and well tolerated. 
